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(54) Tide: HEART ASSIST SYSTEM 
(57) Abstract 

An extracardiac pumping (1 0) for supplcmendng the circu- 
lation of blood, including the cardiac output In a patient without 
any component thereof being connected to the patient's heart. 
One embodiment of the extracardiac system comprises a pump 
(32) implanted subcutancously at or about the patient's femoral 
artery In a minimally'-invasive procedure, wherein the pump is 
powered by a battery (44), and mechanism for charging the bat- 
tciy exnracoiporeally. whereby the pump draws blood through an 
inflow conduit (50) fluidly coupled to the patient's femoral artery 
via, for example, a subcutaneous anastomosis connection, and 
discharges blood through an outflofw conduit (52) fluidly coupled 
to a second peripheral artery via. for example, a subcutaneous 
anastomosis connection. The pump may be operated in contin- 
uous flow mode, or in a pulsatile fashion synchronous with the 
Ipatlenf s heart, thereby potentially reducing the afterload of the 
heart The conduits (50, 52) can be in fluid communication with 
a multi-lumen catheter (510) for single point application of the 
system to the patient. If desired, a reservoir (410) may be pro- 
vided fluidly communicaling with the inflow conduit. The system 
may also comprise a device (402) for keeping the blood travelling 
extFBCOiporcally within the system at or near body temperature. 
If further desired, the present system may be canied directly on 
the patient with a device (610) that holds at least the pump and 
is carried by a belt or a shoulder strap. 
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HEART ASSIST SYSTEM . 

RBtdOfThalflVBittmn 

The present faiventton relates oaneraHy to a system for assisting the heart and, in particuter, to an extracardiac pumping 
system and a methsd for both supplemantihg the droitation of blood thraish tha patient and for enhancing vascular t»!ood mixing using 
a mininiaBy Invasive piDcadura. 

BacfcnromdOfThalmrentioti 

During tiia fast decade, congestive heart faajre (CHF) has burgeoied into the most important public health pmbbm In 
cartfiovascutarinBdicina. As reported In Gilum^RF^^iJjtoM^^o^^ Heart J. l042(1993Uour 

hundred thousand (40%0Q0} new cases of CHF are diagnosed in the United States annuaOy. The disorder is said to affect nearly 5 
minion people in tias country and dose to 20 million peqpls worldiivkte. The number of hospitalizations for CHF has increased more tiian 
three foM In the last 15 years. Unfortunately, nearly 260,000 patients ifie of heart failure annuaBy. Accordmg to me Fr^ham 
Heart Study, the 5 year mortality rate for patients vnth congestive heart failure was 75 per cent in men and 62 per cent In women (Ho, 
K. K. L, Anderson, K. Kannai, W. et aJ^ Surma! Aft^ tha Onset of Congestiva Heart FaSm in framir^ham Heart Studjf Subfect, 
88 Circulatlon107 (19931). This disorder represents the most common discharge diagnosis for patients over 65 years of age. Althou^ 
the Incidence of most cardiovascular dtsordeis has decreased over the past 10 to 20 years, tha faicidence end prevalence of congestive 
heart fabire has oicreased at a dramatic rata. This number will mcrease as patients who would norniaHy (fie of an acute myocardial 
Infarction (heart attack) survive, and as the population ages. 

CHF manifests itself primarily by exertional dyspnea (difficult or labored breathing) and fatigue. Three paredigms are used to 
describe the causes and therapy of CHF. The first views this contStion in terms of altered pmnp function and abnomtal circulatory 
dynanrdcs. Other roodets describe it largaly n temns of altered myocardial cellular perfomtance or of altered gene expression in tha cdls 
of the atrophied heart In lu broadest sensa, CHF can be defined as the inabi&ty of the heart to punqi tdood throughout the body at the 
reta needed to maintain adequate blood flow, and many of the ttomnal functions of the body. 

To address CHF, many types of cardiac assist devices have been developed. A cardiac or circulatory assist device is one that 
aids the failing heart by increasing its pumping function or by avowing it a certain amount of rest to recover its pimping function. 
Beceuse congestive heart failure may be chronic or acute, different categories of heart assist devices exist. Short of a heart transplant, 
at least two types of chronic heart assist systems have been developed. One type employs a full or partial prosthetic comected 
betvireen the heart and the aorta, ona axanvfe of which Is commonly lafeirad to as a LVAD - Left Ventrindar Assist Device. With 
reference to Figure 1 herein, one example of a LVAO 2 is shown. The LVAO comprises a pump and assodated vahres 4 that draws blood 
dirccdy from the apex of the left ventricle 8 end directs the blood to the aortic arch 8, bypassing the aortic vah«. In this appficalton, 
the left ventricle stops functioning end does not contract or axpani Tha left ventricle becomes, in effect, an extension dT the left 
atrium, vdth the LVAO 2 taking over for tha left ventricfe. The ventricle, thus, becomes a low-pressure chamber. Because the intent Is 
to take over for the left ventricle, the LVAO operates by pumpuig blood at carcEac rates. With an LVAO, oxygenated blood cficutation is 
established suff (dent to satisfy the demand of the patient's organs. Under these drcumstancss, however, contimious fhnv may mit be 
desired because the patient's erteriai system is deprived of pulsatile wave flow, which is beneficial to certein parts of the patient. 

Another type of chronic heart essist system is shown In U. S. Patent Mo. 5,267,940 to Moulder. Moulder describes e pump 
implanted Into the proximal descending aorta to assist in the circulation of bbod through the aorta. Because it is intended to pump 
blood flowing directly out of the heart, it 'a important that the Moulder devioa operate in a property timed. puIsatBa fashion. If it is not 
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operated in direct synchrDniiation iimtb the patient's havt there is a risk that the pump na^ cause 'carotid steal phenonanon" where 
biood is drawn away from tha patism's Wtn through the carotid arterias when there is Insufirderit Mood ai the left ventricle. 

fn addressing acute CHF. two types of heart assist rtevices have been used. Ona is couitterpuisatorY in nature and b 
exempined liy an intra-aoitic balloon pump (lABPK With an lABP, the balioon is collapsed during isovohimic contraction, providing a 
reduced pressure egamst which the heart Amst pump blood. Ihareby reducing the bad on the heart during systote. The baDoon is than 
eiQiaRded, fbrcbig blood omnldrectiDnally thraugh the artedel system. Another example of this ffkst type employs one or more 
coQapslble chambers in wdiich blood flows passhrely bto the chamber during systolo. as is shown in U. S. Patent No. 4,240.409 to 
Robinson ct al The chamber is than coltapsad and the blood forcftly returned to tha aorta. These devices shuitate a chamber of the 
lieart and depend upon an mf iatable bladder to effactuata pumpbg actionr reqmring an external pneumatic driver. lUloraover. they do not 
operete as a continuous flow system, operating exdushffiiy in pulsatile fashioa 

A second type of acute assist device utiTrzes en extracorporeal ptsnp* such as the Biomedicus centrifugal pun^, to ifiract 
blood thretrgh the patient whie surgery is perfornied on tha heart. In one example, descrOied m U. S. Patent No. 4,988.293 to Nelson, 
the heart essist system employs a centrifugal pump in wrtildi the muscle of the patient is utiBzad to edd pulsatllitv to the bteed flow. 
The Nelson device is used to bypass a portion of the descending aorta. 

Another device, shown in U. S. Patent No. 4,080,958 to Bregman et al, utilizes an inflatable and collapsible bladder to 
assist [n blbod perfusion during heert trauma and is Intended to supplement a conventional heart*hmg macfuna by imparting pulsatile 
actuation. In the pranaiy embodiment disclosed m Bregmaa the balloon rs controBed to maintain sufficient pressure at tha aortic root 
during diastole to ensure sufficient blood perfusion to the coronary arteries. In an altemativa entbodiment, e low resistance outlet from 
tha aona to the inferior vena cava is provided to reduce the eortic pressure during systolei, thus, reducing the hemodynamic toad on the 
left ventride. 

Other devices, such as thet shown In U. S. Patent No. 4,034,742 to Thoma, depend upon interaction and coordination with 
a mechanical ptanping chaniber containmg a movable pumping diaphragm. These devices are intendad primarily, for application 
proximate the heart and within the patient's thorax, lequsrhHi major invasive sugery. 

Many CHF devices are acutely used in the perioperative period. For exan^e, U. S. Potent No. 4,995,857 to Arnold 
discloses a perioperative de\ace to pump blood et essentially cardiac rates during surgery whan the heart has faBed or has been stopped 
to perform cardiac surgery. The Arnold system temporarfly replaces the patient's heart end lung end pumps blood at cardiac rates, 
tyiNcally 5 to 6 Rtere/Mn. Uke ell systems that bypass the heart and the lungs, an oxygenator is required. Of coursai, with any system 
that inchidas an oxygenator* such as tha conventional haart«lung macfalna, the patient ceraiot be ambulatory. 

With eariy lABP devices, a polyurethana balloon was mounted cn a vascular catheter, inserted hto the femoral artery, end 
positioned in the descending aorta |ust distd to the left subclavian artery. Tha balloon cetheter wes connected to a pump console that 
pumped helium or carbon dioxide into the balloon during diastola to inflate it. During isovolumic contraction, I e., during tha brief t'ma 
that tha aortfe vrive is closed end the left ventricle continues to contract, the gas used to actuate the balloon wes rapidly whhdrawn to 
deflate the balloon. This reduced the pressure at the eortic root when the aortic valve openel In contrast, during diastole^ the balloon 
was inflated, causing the diastolic pressure to rise and pushing the blood bi tha aorta distally towards the lower part of the body (on one 
side of the baSoon) and proximally toward the heart end imo the coronery enerfes (on the other). 

The major advantage in such a counterpulsation device was systolic deflation, which lowered the inlra-aortic volume and 
pressure, reducing both alterioad and myocardial oxygen consumption. In other words, when tte balloon is mflated, it creates an 
artifictelly higher pressure in the aorte, wUch has the anciDary benefit of greater p^on through the coroneiy erteries. Whan the 
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balloon dBflate^ just before the aortic vfifva opevs, tho pressure and vokm of the aorta decrease refoving some of tbe hfimodynantic 
burden on the heart. These phvslologlc'respoDses Unproved tha path's cardiac outputand coronary cbculatioi^ temporanly bnproveig 
hemodynamics. In Qener al couniarpulsation with an lABP can augment cardiac output by about 15%, tWs being frequently sufficient to 
stebilize the padent's hemodynamic stetus, which might oihewise rapidly deteiicrete. When there is ewdence of more effWent 
5 pumping ability by the haart, and the patient hes moved to an improved cfass of hamodynandc status, counterpulsation can be 
discontinued by slowly waaidi^ wfaBe mordtoiing for deterioration. 

Until 1979. an lABP catheters were Inserted via surgical cutdown, generally of the femord anery. Since then, the 
development of e percutaneous lABP catheter has aOowed quicker, end perhaps safer, insertion and has resulted in mora expetfitlous 
institution of therapy and expansion of cOnlcal appfeaiions. biflation and deflatbn of the baOoon, however, requires a pneumatic punp 

10 that is suffidemly large that it must be employed exUacorporeally, thereby restricting the patient's movements and abifity to cany out 
nornial ddy activities. lABP devices ara^ thu^ limited to short term use, on the order of a few days to a few weeks. 

As discussed afaovQ, a variety of ventricular assist pumfdig mechanisms have bean designed. Tyjdcally associated with 
LVADs ere vaWes that are used in the inlet and outlet conduits to insure unidirectional blood flow, ^en the dose proximity of the 
heart, unidirectional flow was necessary to av»d inadvertent badcflow into the heart. The use of such vahras also mnnnlzod the 

1 S thrombogenlc potential of the LVAD device. 

Typlcelly, the pump associated widi older LVAOs was a buOcy putsatila flow pump, of the pusher plate or diephragm style, 
such as those manufactured by Baxter Atovacor or Ta, raspeclhrely. Ghren that the pun^ wes implented wittan the diest andfor 
abdominal cavity, major imrasive surgery was required. The pumps were typically driven throu{|h a percutaneous driveine by a portable 
external console that monitors and reprograms functions. 

20 Alternatively, rotery pumps, such as ccntrifi^al or axial pumps, have been used in heert essist systems. With centrifugal 

pumps, the blood enters and exits the pump pracb'ca&y oi the same plane. An axial pump« in contrast, directs the blood along the exis of 
rotation of tha rotor. Inspired by the Archimedes screw, one design of an axial punqi has been miniaturized to about the size of a pandl 
eraser, dthmigh other designs ere larger. Despite its small sizei, en axial pun^ may be suHiciantly powerful to produce flows that 
approach those used with older LVADs. Even with nvniaturized pumps, however, the pump is typically Introduced into tha left ventride 

25 through the aortic value or through the epex of the heart, and its function must bo controDad from a console outside the body through 
perataneousKnes. 

AH of these heart assist systems referred to aliove serve one or both of two objectives: (1) to improve the perfonnance of a 
patient's operetive but'diseased hean from the mintmuni classified as NYHAC Glass IV, to practically nomel, classified as I or 0: or (2| 
to supplement oxygenated blood circulation throu^ the patient to satisfy organ demand when tha patient's heart is suffering from CHF. 

30 With such system?, extreme pumping end large amounts of energy, vohme, and heat (fissipatlon ere required. 

Many of these heart assist systems have several general features In common: 1) the devices are cardiac in nature; i. e., 
they are placed directly within or adjacent to the heart, or within one of the primery vessels asspdated with the hean (aorta), and 
are often attached to the heart and/or aorta; 2) the devices attempt to reproduce pulsatOa btood flow naturally found in the 
mammalian drculatory system and, therefore, reqidre vatvas to prevent beckflow; 3) the devices are driven from external 

35 consoles, often triggered by the electrocerdiogram of the patient; am) 4) tha size of the blood pump, induding its assodatad 
connectors and accessories. Is generally unmanaoeable within the anatomy and physiology of the redpient. Due to havbig one or 
more of these features, the prior art heert essist devices are limited in their effectiveness andjor practicality. 
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Many of tha above idantified prior art systems, generally referred to as Machanlcdl Cireulatofy Assist Daviess, ara not tha 
ordy means, however, used to treat patients with congesthra heart faliira (CHF). Most CHF patients are prescribad as many as f hra to 
seven different drugs to ameliorate their signs and symptoms. These drugs may include diuretics, angtotaisin converting enzyme 
(ACE) inhiliitors, betatiocfcers. cardiac glycosides, end psriphsral vasodilators. Tha rationalB for pharmacological intervention in 
5 heart fatiure include minimizing the toad On tha heart improving the pumping action of the heart by enhancing the contractiBty of 
the muscle fibers, and suppression of harmful oeurohotmonal compensatory mechanisms that are acthrated because of the 
deaeased pumping function of the heart. 

I^loncompliance with what is often a complex drug re^ may dramatically adversely affect the recovery of a CHF 
patient leading to the need for hDspilaliraiion and possibly morbidity and mortality. In addition. ACE inhibitors and diurectics can 

10 cause hypotension, which leads to decreased organ perfusion or an increasmg demand on the heart to pump mora blood. Tills 
leads to an inability, in many cases, to prescribe the most effective dosage of ACE bthifaitors and a less than optimum outcome for 
the patient. Patients suffering from CHF with the underlybig cause of nvtial valve bisufficiency have been able to have their 
diuretics reduced following surgicel repair of tiieir nvtral valve. Ttds Is to to an Increased certSae output and arterial pressures 
(as e result of tiie correction of the problem) resulting In more effective organ perfusion. With the reduction in tiie use of diuretics 

1 5 and the resultant hypotension, more effective dosages of ACE inhibitors can be used witir more favorable outcomes. In addition, it 
IS easier for the patient to follow a less complex drug reginrte, eliminating the costly and Ufa threatening risi(s associated with 
noncompliance. 

When blood flow tfirough the coronary arteries falls below the level needed to provide the energy necessary to maintain 
myocanTial function, due often to a Uockage in tha coronary artenes. a myocanlial Infarction or heert attack occurs. TMs is a lasutt of 

20 the blockage in tiie coronary arteries preventing blood from delivering oxygen to tissues downstream of the blockage. The dosar tiie 
blockage is to tite coronary ostia. however, tite more severe and life tiireatening the myocardlBl infarction. Tha farther tha location of 
the blockage is from tiia coronary ostia^ the smaller tfiB area of tissue or nnyoGardhim that b As tiie energy stored fntiie 
affected area decreases myocardial cads begin to die. The larger tin area that dies due to the loss of oxypn. tha more devastating the 
infarction. To retbice tiie area at risk, at least two known options are to eltiier inoease tiia oxygen supply to tiie affected area or 

25 decrease the energy demands of the heart to prolong energy stores until the bfockage can be removed or reduced. One particular 
matiwd to increase blood flow, tiweby increaskig delivery of oxygen to tiie affected area, is tiirough a called reUoperfusion. 

This is accompSshed by passing a canmda into either tiie right or left ventricle (depending on tiie erea of tiia btockage) and peifuang 
oxygenated blood retrograde up tiia coronary artery on the downstream side of the blockage. Anotiier metiiod b to use dmgs to 
increase tha force of contrection of tha myocanfiunni. creating bicreased blood flow across the blocked area. Yat another matiiod is to 

30 use drugs, such as pentoxifylDne. aspirin, or TPA (tissue plaminogsn activator), to reduce tha viscosity of (tiiln out) tiie blood, inhibit 
platelet aggregatba or lyse thrombi (dots), respectively, thus, allowing more blood to pass by tiie blockage. The goal of aO of these 
methods is to nicrease tha deBvery of oxygen to tiie tissue et risk. 

The altemativB option memlonsd above is to reduce the energy demands of the myocardta and increase the amount of tbna 
before irreversibte damage occurs. This can be accomplished by reducing tiie workload of tha left ventrida (which is tin largast energy- 

35 consuming portion of the heart). An lABP is placed into the eorta and used as described abova. resulting bi a decreased aftedoad on tiia 
heart and increased perfusion of tiie coronary arteries end peripheral organs. An eliemattve way to reduce myocardial oxygen demand 
is to reduce the volume of bk)od tite left ventricle must pump. This cen be accomplished by reducing tiie toed on the left ventride. such 
as tn a cardiopuknonary bypass or use of an LVAa Unloading tite left vamrids decreases the energy requirements of the myocardhmi 
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and incases the emount of tfenebBloreirrev^ TWspmwidosan opportimiiy to niore efferthrdy ren^ 

decraasa tha hlDckaoB and salvage niyownfial ftmcto^ 

amount of tima after ttia onset of a inyocar<fia] infarction. Tha du^dvatitaga. howaver, is that each of these teGhniques can only be 
perfoirnad In an cnwrBencyrooiii or hospital setting. 

there Is usually some bvel of irrsversifate damasa and sidisequBnt loss of myocerdial function. 

It would be advantaeeous, therefore, to employ a heart as^st system that avoids major invasive surgary and also avoids 
the usa of peripheral equipment that severely restricts a patient's movement. It would also be advantaoeous to have such a heart 
assist system that can be employed In a non^mspltal setting for ease of treating acuta heart problems undar emergency 
conditions. 

.Summary Of Tha hmtHlan 

The object of the pmsent invention is to address the aspect of CHF that residts from ahemd punv function and abnomial 
circulatory dynamhs while ovarcomhg the Brift^^ 

of a patianfs oroans, tha present Invention comprises an extracanfiac pumping system for supplementing the circulaton of Uood 
through the patient without any component thereof bong connected to the patieit's heart or prinory vessels. Thus, It Is extracardiac in 
nature. With tha abaity to be appfied wHhsi a rain&nally invas»e procedure, the present imrenUon significantly improves the condition of 
the patient suf f ermg from CHF. resulting In the patient feeling much better, even where CHF contimies. By supplementing the pumping 
actum of the heart. In lieu of replacing ft. the present system takes advantage of tha pulsatile action of the heart, despite its weakened 
oonditioa to off ectively deliver blood to body organs that hsnelii from pulsatSe deHvery of oxygenated blood. As a resuh. the present 
system is capable of being operated in a conlimjous flow fashion or, if desired, (n a pulsatile flow fashion. 

An andllajy but important benefit of the present immntion is the ability to epply the present invention In such a way as to 
also reduce the pumiring load on the heart, thereby potentially pemutting tha heart to recover during use. With the present faivemion, no 
bulky pump, valves or oxygenator are tequireil and no thoracic invasion with major canliac surgery is requlrel bideed a stgruficant 
advantage of tha present invention h its senpGctty while achieving extraordinary rasuhs in koprovbig the condition of a patient suff^g 
from CHF. 

The extracardiac system of the present invention preferably con^rises, in one example, a rotary pump configured to pump 
blood through the patient at subcanfiac rates; I e, at a flow rate signlHcandy below that of tha patient's heart Other types of pumps 
or flow genaiating mechardsms may be effecUve as wall Pumping the blood tends to revitaEze the blood to a certain extent by 
rmparlmg kinetic and potential energy to the bbod discharged from the pump. Importantly, tha preferred pump for tha present mventibn 
pumping system is one that requires a relatwely low ©tiount of energy input, whan compared to prior art pjnvs des^ned to pump at 
canliac rates. Tha pun^ may be implanted or not, depending upon the capaKfity, practicafity, or need of tha patient to be ambulatory. 

Tha present system also comprises en mftow conduit fkadly coupled to the pun^, to direct blood to the pump from a fust 
peripheral blood vessel, and en outftow conduit f luidly coupled to the pump, to direct blood from the pump to a second peripheral blood 
vessel. Tha connection of the inflow and oulftow conduits to the la^ecttva Uood vessels is perfomied subcutaneously; not so deep as 
to invoke major ffivasiva surgery. In otter words, minimally subdennat. This pennlts apptoion of the comiactions hi a mbmnally- 
invasive procedure. Pfeferably, the connections to the blood vessels ere just below tha skin or just below tha llist layer of muscle, 
depending t^on tha blood vessels at issue or the kication of the connection, although slightly deeper penatrations may be necessary for 
soma patients or for some applications. 
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In an dtemattvB fimluidDneni the present sysiem ts appSed at a singiB canntdatad site using, for mmfia, a mmmm 
cathster having at (east one hmn as an arflow lumen and a sannd lumen as an outlet Junsn. The multFtaen catheter has an inflow 
port in fluid communicating with the inftow kmien. With ti^s embodiment, blood is drawn into the Mw port of the first hmen from a 
first penpherai btood vassd site, preferably the Uood vessel into wliieh the rnidtitoBn catheter is mserted. The output of the pump 
directs blood thraiQh a second (outlet) port et the distai end of the second lumen that is preferably located in a second periphera) vessel 
site. This method accompeshes the same benernial results achieved in the previously desoibad embodbnents, but reqieras only a sii^ 
canradatad she, rather than two such sites, h should be appreciated that the m^^ 

outllcw of the cannula is to the first peripheral site; while the inflow is drawn from the second periptertil vessel. Further stiH it should 
be appreciated that the inflow coidd be positioned to draw blood from a peripheral vessel at the site of entry hito tha patient while the 
outflow could be positioned in the aorta, proximate en arterial branch. 

In one enAodsnent of the extracanfiac system, the pump is a continuous flow pump, a pulsatBe pump, and/or a pump that is 
confioured to generate flow in both a conthuous and putsatie format The pump may be inplantable ami is used to connact two 
parfpherai arteries, such as the femoral artery at the inflow and the left axillary artery at the outflow, although other par^heral blood 
vessds ere conterrqilated. Including other erterics and/or veins, es w^ as any singular end/or cumulative combination thereof. An 
ahemative endiodimant employs both a continuous flow and a pulsatile flow pump connBcted in parallel or In series end operating 
simiiltaneously or in an alternating fashion. Yet another ettemative embodiment employs a rotsry pump that is ccntroDable in a 
synchronous copulsating or counterpulsatino fashloii or in some out'Of-;d»se intennediate thereof. In one appGcation, it is 
contemplated that the present invention be appHed such that the heart experiences a reduced pressure at tha aortic root durmg systole 
(afterfoad) and/or a reduced left ventricular end diastolic pressure (pm-Ioadl thus reducing the hemodynamic burden or worktoad on the 
heart and, thus, pemiittrng the heart to recover. 

It is contemplated that, where tha entire system of the present invention is implamed, that it be Implanted subcutaneously 
without the need for m^jor bwashre surgery and, preferably, extrathoracically. For example^ the pump may fas implanted in the grom 
area, wHh tha inflow comluit attached to the femoral or iliac artery proxsnate thereto and the outflow conduit attached to the axitary 
artery proximate the shoulder. It is contemplated that the outflow comluit be appHad by tunneling it umler the skin from the pump to 
the axillary artery. Where unplanted, the pump is preferably powered by en implantable power source, such as for example e battery, 
that may be regenerated extemaliy by en RF Induction system or be replaced periodcany, and/or a seff-generating power source that 
for example, draws energy f rem the human body (e. g., musdeir chenscab, heat). 

The present invention also coroprisas a method for supplementing the drcutation of blood in the patient end potentially 
reducing the worktoad on the heart of a patient without comtecting any componem to the patient's heart. The inventhre method 
comprises tha steps of implanting a pump configured to generate blood flow at volumetric rates that are on average subeardiac, 
wharen tha pump has an inflow and outflow conduit attached thereto; connecting a (fistal end of the Inflow conduit to a first peripheral 
blood vessel with a minknany-invashre surgical procedure to penwt tha flow of btood to the pump from the first peripheral btood vessel 
of the patient; enplantkig the toflow conduit stAcutanaousIy; comiecting a (fistal out of the otilflow condiot to a second peripheral blood 
vessel with e miidmaDy^nvashra surgical procedure to paracih the flow of Uood away from the pun^ to the secomi peripheral blood 
vessel of the patiem; end operating said pump to perfuse blood through the patlenf s circulatory system. Where the second paripherel 
blood vessel is the axillary artery, tha step of connecting the distel end of the outftew conduit is performed In such a manner that a 
suHicient flow of blood is directed toward the hand to avoid Fmb ischemid while ensuring that sufficient ftow is directed towanl the 
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aoita wfthoui damask tha endothti&al fnng of the second penpheral btood vessti. Hie same concerns for avdi&g GrAb ischania and 
damaga to tha endoth^al &img would apply, howovar, f egardtess of tha satection of second peripheral Uood vesssL 

In one specific appTnatlon, tha pump is capable of synchronous contiol wherein the st^ of oparatlno tha pump Inchtdes the 
steps of beginning discharge of blood out of tha pump during isovohflntc contraction and discontinuing discharge of blood when tha 
aortic vahra doses foDowtng systola. Oapanifing upon tha patient and the specific arrangameot of tha present systaia this specific 
ntathod results in ratfciced aftertoad and/br preload on the heart whi!^ abo supptomenttng ctrculation. For exanipla. In one emhodinent 
tha first and second blood vessels are ftm femoral and axillary arteriesr respectively. 

In an altamativa method of applying the present invention the pump is not implanted and the inflow and outflow conduits are 
coruwcted to the first and second blood vessels percutaneousty, using a leadilyHemovabla oonnector. such as a canmdai, to connect the 
(fistal ends of each conduit to the blood vessels. 

An anportant advantage of tha present nvantlbn is thai h utOizas tha benefits of an 1ABP« without the retprement of 
extracoipareal eipiipmant or tha need to have a balloon or sanaar bnptement partially obstnictlng a blood vessel In addition to tha 
banents of an lABP, It also offers tha benefft of reihicrng the preload on tha heart The present invention thus offers sinvOdty and long- 
term use. 

Another important advantage of tha present invention is its potential to enhance mixing of systemic arterial blood, 
partfeubrly in the aorta, and thereby Mm blood with a highei oxygen-carrying capacity to organs supplied by arterial side brandies off 
of tha aorta. This overcomes the proUem of Uood streaming in the descending aorta that may sometimes occur in patients suffering 
from low cardiac output or other aiimants isstdttng in low blood flow. The ladt of mixbig of tha blood within the descending aorta m 
may result f lom blood streaming could lead to a higher concentration of red blood cells and nutrients \n the central region of the aorta 
and a dacreasing concentration of red blood ceils doscr to the aortic wall The could result in lower hanatocrit blood flowing mto 
branch erteries from the eorta.. Where it is desired to eddress the potential problem of btood streemmg, a method of utilizing the 
present invention may tnclude taking steps to assess certain parameters of the patient ami then to datemune the mbiimum output 
of the pump that ensures turbulent flow in the aorta, thereby enhandng blood nuxng. 

Brief Description Of The DrawlnDs 

These and other features and advantages of the mvention wil now be described with reference to tha drawings, wIM are 
intended to Blustrate end not to Emit tha invention. 

figure I b a sdiemath: view of a canfiac assist device, known as a laf t ventricular essist device, showing a bypass from the 
apex of tha left ventrf de to tha aortic ardc 

Ftgure 2 is a sdiematic view of a first embodrment of the present invention, shown applied to a pattern's drctdatory system. 

Rgura 3 is a schematic view of a second embodiment of the present bivantion, shown Qpp&d to a patient's drculatory 

system. 

Figure 4 Is a sdiematic view of a variation of tha first en^o(&ment of figure 2 shown implanted mto a patient; 

Figure 6 is a sdiematic view of a third eirbodimBnt of the present imrentlon, shown applied to a patient's drcufatory system. 

Fipire 6 is e schematic view of a fourth embadBnem of the present invemioa shown appGed to a patient's dreulatory 

system. 

figure 7 is a schematic view of an inflow L-shaped connector, shown inserted within a blood vessel 
figure 8 is a sdwmatic view of a fifth embodknam of the present inventiDn emplo^'ng a multl-himen catheter for single she 
epplication to a patient. 
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Rsure 9 fe a sctonaiic viBW of 8 sixth ethbodinnem 
carrying a portion of tho invention dtrectly on iha pattent 

Datalted DBScription Of Tha Pfflferred Emhodknants 

Turning now to ttia drawings provided Itsiaflv a mora dstalled descdptlon of ttie onbodiments of tha prasem invantion is 
providad below, tt should be noted, howevQr, that whila some embodiinsms hava afl of the advantages idantified herein, other 
embodimants may oniy realize some but not al! of tha advantagas. 

The present invention provides a heart assist systen that is extrecardiac in nature. In other umrds. the present inventuin 
swietnents blood perffusioa wnthout the need to interfece cfitectiy with tha heart and aoita. Thus, no major invashre surgeiy Is 
necessary to use the present invention. The present invention also lessens the hemodynamic burden or worlctoad on tl» heart by 
reducing the pressure at the aortic root during systole (afterload} and/or reducing left ventricular end diastoQc pressure md volume 
(preload}. 

With reference to Hgure 2, a first embodenem of the present mventkm 10 is shown Bppl^ 12 hai^ an allmg 

heert 14 end an aorta 10, from which peripheral biaehiocephaTic Mood vessels extend, Including tha ngM sidiclavian 18. the ri^ 
carotid 20, tha left carotid 22. aid ttie left axiary 24. Extending from the descending aorta is mother set of peripherd Mood vessels, 
the left end r!^ femoral arteries 26. 28. 

The first embodiment 10 comprises a pump 32, having en inlet 34 and an outlet 36 for connection of flexible condidts 
thereto. The pump 32 is preferably a rotary pump, either an exiat type or a centrihjgal type, elthough other types of pumps may be 
used, whether commerdatly-avaBdble or custotrizei In either case, the pump should be suffidentiy small to be implanted 
subcutaoBQUsly and preferably extrathoracicaliy. for example In the groin area of the patient, without the need for major invashre 
surgery. Because the present invention ts an extrecardiac syston. no valves era necessary. Any inadvertent backflow through the 
pump end/or through the hflow conduit would not hann the patient 

Regardless of the style or natura chosen, the pump 32 of tha present invention is sized to generate blood flow at stdicardiac 
volianetric rates, less than ebout 50% of the flow rate of an average healthy heart, although flow rates above that may be effective. 
Thus, the pump 32 of the present nivention Is sized and oonOgured to discharga blood at vohanetric flow rates anywham in the range of 
0. 1 to 3 liters per minute, depending upon the eppiication desired end/or the degree of need for heart assist. For exempte. for a patient 
experiencing edvanced congestive heart failure, it may be preferable to empby a pump that has an average subcardiac rate of Z 5 to 3 
Bters per minute. In other patients, particularly those with minimal levels of heart f aihtre, it may be preferebta to employ a pump that 
has an average subcardiac rate of 0. 5 Irteis per minute or less. In yet other patients It may be preferable to emptoy a punv that Is a 
pressure wave generator that uses pressure to augment the flow of blood generated by the heart. 

In one emboifinent, the pump selected is a continuous flow pump so that Mood perfusion through the circulation system is 
continuous. In en altemath/e embodiment, the pump selected has the capatnlity of synchronous actuation; i. a., it may be ectuated in a 
pulsatSa mode, either in copulsating or coumerpulsating fashion. 

For copulsating action, it is contemplated that the pump 32 would be actuated to discharge blood generally during systole, 
beginning ectuation, for example, during Isovobimh: contraction before the aortic valve opens or as the aortic vahra opans. Tha pump 
would be static while tha aortic valve is closed following systcle, ceasing actuation, for example, when the aortic valve closes. 

For counterpulsating ectuation, it Is contempieted thet the pump 32 would be ectuated generally during diastole, ceesing 
actuation, for exemplB, before or during Isovohimic contraction. Such an appBcation would permit and/or enhance coronary blood 
perfusion. In this eppiication, it is contemplated that tha pump would be static during the balance of systole efter tho eortic valve is 
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opennir to bssen the bunlen apinst wtncfa the iieart must puinp. The aortic vaira being open eroompassas the periods of opening and 
dosinfi, wherein blood is flowBTg theretlu^ 

It sfiQuU be recognized that the dssignatjons copulsating end counteipidsatlng are general id«tttfiei$ and are not fauted to 
specific points in ths patient's heart cyde when the pump begins and discontinues ectiation. Rathar, they are intended to generally 
refer to punqi actuation In which the pump is actuating, at least n part« durmg systole and diastoie, respecthrely. For examp^ it is 
contemplated that the (wmp might be activated to be out d phase fmra true coputsating or coimterpulsating ectuation described herein, 
and stB] ba synchronous, depending upon the specific needs of the patient or the desired outcome. One might shift actuation of the 
pump to begin prior to or after iso vokimic contraction or to begin bafom or after isovolumle expansion. 

Furthermore, the pulsatile pianp may be ectuated to pulsate asynchronously vwih the patlenf s heart Typfcafly, whare the 
patient's heart is beating irregularly, there may be e desire to pulsate the pump esynchronously so that the perfusion of blood by the 
extracardlac pumping system is more regular and, thus, more effectiva at oxygenating the organs. Where the patfent's heart beats 
regularly, lut wealdy, synchronous pulsation of the extrecanliac pump may be prefened. 

The pun9 32 is driven by a motor 40 andfor other type of drive means and is contraHed preferebly by a programmable 
controfler 42 that is capable of actuating the pomp in pdsatila fashion, where desired, and also of controlling the speed or output of the 
pump. For synchronous conUd, tha patient's heart would preferably be monitored vwth an EKG in which feedback vrouW be provided 
tha controller 41 Tha contraHer 42 is preferably programmed by the use of extemel means. This may be acconqdished, for example, 
using RF telemetry circuits of the type commonly used within tmplantable pacemaliers and defibrfllators. The controllar may also be 
autoregulating to pemtit automatic regulation of tha speed, and/or regulation of the syndironous or asynchronous pulsation of the pun^, 
based upon feedback from ambient sensors monitoring parameters, such as pressure or tha patient's EKG. U is also content lated that 
a reverse<lirection pump be utilized if desired, bi which the controller is capable of reversinB the direction of either the drive means or 
the anpellers of the pump. Such a pump might be used where it is desirefale to have the option of reversing the direction of circulation 
between two perqiharel blood vessels. 

Power to the motor 40 and controllar 42 may ba provUed by a power source 44, such es a battery, that Is preferably 
rechargeable by an external induction source <not shown), such as an RF mductlon cqH that may ba electromagnetic^ coupled to the 
battery to induce a charge therein. Alternative power sources eie also possible, mchiding a device that draws energy directly from the 
patient's body; e. g^ the patient's muscles, chemicals or heat. The pun^ can be temporarily stopped during redarging whh no 
appredabla rrfe threatening effect, because the system only supplements the heart, rather than siAstituting for the heart. 

WhUe the conuoller 42 and power source 44 are preferably pre^ssembled to the pun^ 32 and implanted therewith, it is also 
contemplated that the pump 32 and motor 40 be implanted at one location and tha controller 42 and power source 44 ba implanted in a 
separate location. In one alternative arrangemem, tha pump 32 may be driven externally through a percutaneous drive line. In another 
alternative, ths pump, motor and comroller may be implanted and powered fay en extracorporeal power source. In the latter casa, the 
power source could be attached to the side of the patient to pemnit fully ambulatory movamant. 

The inlet 34 of the pump 32 is preferably connected to e flexibia fatflow conduit 50 and e flexible outftow conduit 52 to 
direct blood fhiw from one perqtheral blood vessel to another. The Inflow and outflow conduits 50, 52 may, for exempto, be fanned 
from Oacroa Hemashteld or Gortex materials, elihough otinr synthetic materials may be suitable. The inflow and outflow conduits 50, 
52 may also comprise biotogic materials or pseudobiotogical (hybrid) materials (e. g^ biologic tissue st^ported on a synthetic scaffold). 
Tha inflow and outflow conduits are preferebly conr^uied to mining kinks so blood flow is not meanlnghilly imemipted by norniel 
movements of the patient or compressed easQy from external forces. In some cases, the inftow and/or outflow conduits may come 
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commercieUy alreadir attached to tha pun^. Whers it is dasfrad to implant tha pump 32 and the condidts sa 5% it is prefarabia that the 
famar diamatar of the coray ts ba (ess than 25 mm, ajUiough (Saroetars sSQhtly lar^ may be affediva. 

In one preferred appHcation of the present inventtoa the first ambodirxien! is epplied In an artenaKartefial fashloi^ for 
example, as a femoral-exiOaiy connectiQiv as is shovw in Rgure 2. It should ba appreciated by one of ordinary slcSl in the art that an 
axillary-femoral connaction woidd also ba effective using the emfaod'unents described hairin. indeed, it should be recognized by one of 
ordmaiy skUl bi tha art that tha present biventlon might ba appBad to any of tha peripheral blood vessels in the patient 

The inflow condu't 50 has a first proxtmat emi 56 that connects whh the bdet 34 of the punp ^ end a second distal end 58 
that connects with a first peripherel blood vessel which Is preferabfy the faft femoral artery 26 of the patient 12, although the right 
femoral artery or any other psripherel artery may be acceptable, in one application, tha wnnBCtion between the inflow conduh 50 and 
the first bbod vessd is via an end-to-sida enastomosi^, although a sjd8 to*shIe anastomosis connection might be used midstream of the 
conduit where tiie inflow conduit ware conReded at iu second end to an additional blood vessel or at anothar location on the same 
blood vessel (neither shown). 

Similarty. the outflow condut 52 has a first proxsnal end 62 that connects to the outlet 36 of the punqi 32 and a second 
distal end 64 that connects with e second peripheral blood vessel preferably the left exillary artery 24 of the patient IZ although the 
right axillary artery, or eny other peripheral artery, would be acceptable. In one appBcatloa tha connection betvreen the outflow conduit 
52 and the second bhtod vessel is via an entf-to-sida anastomosis, aWiough a slde-to-side enastomosis connection might be used nxd- 
stream of the conihiit where the outflow conduit were connected at its second end to yet another Uood vessel (hot shown) or at 
another location on tha same blood vasseL Prafer^ly, the outflow conduit b attached to the second blood vessel at an angle that 
results in the predominant flow of blood out of the pump proximaBy toward the aorta end heart, such as is shown m Hgure 2, vdiHe still 
maintaining sufficient flow distally toward the hand to prevent Gmb ischemia. 

It is preferred that application of the present invention to the peripheral bhiod vessels be accomplished subcutaneously; r. e« 
at a shallow depth Just below tiie skin or first muscle layer so as to avoid major Invasive surgery. It is also preferred that tiie present 
invention ba eppfied extrathoracically to avoid the need to invada the patient's thest cevhy. Where desiredl the entire extracan§ac 
system of tha present Hivantion 10 may be implanted whhin the patient 12. In that case, the punp 32 may be bnplented, for exan^le, 
into the groin area, with the Inflow conduit 50 connected subcutaneously to, for exanrqde, the femoral artery 26 proximate the panp 32. 
The outflow conduit would be tunneled subcutaneously through to. for example, the left exillary artery 24. In an dtemative 
arrengennem, the pump 32 and associated drive and controller could be temporarily fastened to tha exterior skin of the patient, with the 
inflow and outflow condidts 50, 52 connected percuteneously. bi dihar case, the patient may be embulatory without restriction of 
tethered Gnes. 

It is contemplated that, vi/here en anastomosis connection is not daslred, a special connector may be used to connect the 
conduits 50, 52 to the peripheral Uood vessels. With reference to figure 3. a second embodimant of the present invention is shown, 
wherem tha inflow conduit 50 and outflow conduit 52 ere connected to the peripheral blood vessels via fust and second connectors 68, 
70 each comprismg three^ipenrng mtings. In the preferred embodiment, tin connectors 88, 70 comprise en tntra-vascular, ^nerally- 
teo'Shaped fitting 72 havbig a proximal end 74, a distal end 76, and an angled divargence 78 permining connection to the mflow and 
outflow conduits 5a 52 and the blood vessels. The proximal and distal ends 74, 76 of the fittings 72 pemiit connection to the blood 
vessel mto which the fitting Is positioned. The angle of divergence 78 of the fittings 72 may be 90 degrees or less In either (firecticm 
from the exis of flow through the blood vessel, as optimaRy selected to generate the needed flow distatly toward the hand to prevent 
lin^ isdienua. end to insure suffloent ftow and pressure toward the eorta to provida the circulatory assistance and workload reduction 
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needed whSe fiMmzIng or avi^big endothelial toiaga to the vessel In another erabotfinent. the connectors 68. 70 ere deem (not 
shown) that surround and attach to the outsldB of the peripheral Uood vessel whsro, within the Interior of the sleevq, a port to the blood 
vessel Is provided to permit blood flow from the conduits 50. 52 when they are corniBcted to the connectors 68, 70, respectively. 

Other types of connectors haWng other configurations are canien^plated that may avoid the need for an anastomosis 
5 connection or that pemut connectbn of the conduits to the blood vessels. For example, it is contemplated that an L-shaped connector 
he used if it is desired to withdraw blood mors prodondnanlly from one direction of a perq)heral vessel or to dkect blood more 
predominaMly Into a perqiheral vessel. Refenmg to Rgura 7. an hflow conduit SO is fluldly connected to a perliheral vessel for 
example, the left femoral artery 28, using an Lshaped connector 310. The connector 310 has an Inlet port 312 at a proximdt end and 
an cutlet port 314 through which blood flovirs Into the inflow conduit 5a The connector 310 elso has an arrangEmant of holes 316 

1 0 within a waQ positioned at a distal end opposite the inlet port 312 so that some of the flow drawn Into the connector 310 is diverted 
through the holes 312, particularly downstream of tfie connector, as in this application, A single hole in the waQ cotdd also be effective, 
depending upon sbe and ptacemant. The connector may be a defonnable L-shaped catheter percutaneously epplled to the blood vessel 
or, in an altemathre embodtment be connected directly to the walls of tha bbod vessel for mora long temi ^Gcatnn. By (fiiBctlng 
some blood flow dovnwtream of the connector during withdrawal of blood from the vessel Ischen^c damage downstream from the 

1 5 connector may be avoided. Such ischemic damage roifilht othenvlse occur if the majority of the blood flowing into the inflow connector 
ware <fiverted from the blood vessel Into tha inftow conduit It Is also contemplated that a connactlon to the blood vessels might be 
made via a canmda, wherein the cannula is imp1ante4 along whh the Inflow and outflow conihilts. 

Tha advantage of discrete connectors Is their potential a{qil^tion to patients with chronic CHF. A connector eliminates a 
need for an anastomosis amnectran between the conduits of the presem Invention system and the psripherat blood vessels where it is 

20 desired to remove and/or replace the systmi more than one time. The connectors could be ^lied to the first and second bbod vessels 
semi'peimanently, with an end cap applied to the divergence for later quick-connection of the present invention system to the patient. 
In this regard, a patient might expetfence the benefit of the present bivenUon parlodlGally, without having to reconnect and redisconnact 
the conduits from the bbod vassals tt*a an anastomosis procedure each tone. Each time it is dedred to bnplement the present bivention. 
the end caps would be removed and tha conduit attached to the connectors qtdckly. 

25 In the preferred embodiment of the connector 70, the divergence 78 is oriented at an acute angle signiricanily [ess than 90° 

from tha axis of the fitting 72, as shown in Rgure 3, so that a majority of the blood flowing through the outflow conduit 52 into the 
blood vessel (a. left axillary 24) flows in a dffection proxtmaBy toward the heart 14, rather than in the distal drection. In an 
alternative errtfaodlroent, the proximal end 74 of tha fitt'mg 72 may have a diameter larger than tha (fiameter of the tSstal end 76, 
whhout need of bavmg an angled divergence^ to achieve tha same result. 

30 With or without e connector, with Uood flow directed proximally toward the aorta, tha result may be concurrent flow down 

the descendhg eorte, which wiD result in the reduction of pressure et the aortic root. Thus, the present invention may be epplled so to 
reduce the afterioad on tha patient's heart, pennittlng at least partial If not complete CHF recovery, whSe supplementing blood 
drcutationi Concurrent flow depends tiptm the phase of operation of the pulsatile pump and the choice of second Ubod vessel to which 
the outflow conduit is connected. 

35 While the present Invention may be appGad to create an arteria^arterial flow pat^ given the nature of the present mvemioa L 

Ov supplementation of circulation to meet organ demand, a venous-arterial flow path may also be use! For example, with reference to 
Figure 4, one embodiment of the present invention 10 may be epplled to the patient 12 such that the inflow conduit 50 is connected to 
a peripheral vein, such as the left femorel vein 80. In this arrangement, the outflow conduh 60 may be connected to one of the 
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peffpharel arterial, such as the bft axaafy 24. Arterialmus ananoements are contonplatad as walL In thosa venous«arteiia1 cases 
whara the inflow is oonRacted to s vein and the outflow is connectsd to an artery^ tha puny 32 stwutd be ^ to paindt flow 
suflfciently small so that oxygan-dBficfeni blood does not nso to unacceptable levels in the erteries. It should he appreciated that the 
connections to the per^Jheral veins could be by one or more methods described above for connecting to a peripheral arteiy. It should 
also be apprarated that tha present tnvembn could be applied as a venous-venous flow path^ virherein the inflow end outflow ere 
connected to separate perqtheFBi venis. In addttioa an altematna embocBment comprises two disoeta pumps and condtot 
arranoements, one bnng appQad as a venous-venous flow pstiv and the other as an arteriel-arterial flow path. When venous blood is 
mixed with arterial blood ehher at the inlet of the pump or the outlet of tha pump tha ratb of venous blood to arterial blood should be 
controlled to maintain an arterial saturation of a minmum of 80% at the pump mlet or omIeL Arterial saturation can be measured 
and/or monitored by pulse oximetry, laser doppler, colorimetry or other methods used to monitor blood oxygen seturetlon. Tte venous 
blood flow Into the system can then be controBed by regulettng the amount of blood allowed to pass throu(^ the conduit from the 
venous-»de connection. 

A partial external eppfication of the present invention is contemplated where a patient's heart failure is acuto; i. is mt 
expected to last long, or In the earfer stages of heart failure (where the patient ts in New York Heart Association Classiflcatlon (NYHAC) 
functional classes il or Ull. With reference to Figure 5, e third emboifiment of the present invention 1 10 is epplied percutaneously to e 
patient 1 12 to connect two peripheral blood vessels wherein a pump 132 atd its associated driving means and controls ara employed 
extracorporeafly. The pump 132 has an hrilow conduit 150 and an outflow conduit 152 associated therevirith for connection to two 
peripheral Uood vessels. The inflow conduit 150 has a first end 156 aral sacoiul end 158 wherein the second end is connected to a 
first peripheral blood vessel le. femoral ertery 126) by way of a cannula 160. The cannula 180 has a flrst end 182 saalably 
connected to the secorul end 158 of the inflow conduh 150. The cannula 180 also has a second end 184 that is inserted through a 
surgical opening 1 86 or an imroducer sheath (not shown) and into the blood vessel sourco (e. g^ femoral artery 126). 

Sbidlarty. the outflow conduit 152 has a flrst end 162 and second end 164 wherein tha second end is connected to a second 
peripheral blood vass^ (a. g., left axillary artaiy 124) by way of a cannula 18a Like the inflow cannula, the outflow canmila.180 has a 
first end 182 sealably connected to the second end 164 of the outflow concfaiit 152. The outflow cannula 180 also has a second end 
184 that is inseited through surgical opening 190 or an introducer sheath (not shown) and mto the second blood vessel (e. g. loft 
axillary artery 124). By use of a percutaneous eppfication. the present mventlon may be applied temporarily without tha need to implant 
any aspect thereof or to make anastomosis connections to the blood vessels. 

It is contemplated that a means for minirrnnng tha loss of theimal energy fai the patient's blood be provided where the 
present inventive system is appfied extracorporeaDy. Such means for miriimlzing the loss of themnal energy may comprise, for example, 
a heated bath throu^ which tha inflow and outflow conduits pass or. alternatively, themul etemanU secured to the exterior of the 
inflow and mjiflow conduits. Referring to Rgure 9. one erribodknent con^rises en kisuiating wrap 402 surrounding the outflow conduit 
152 having one or more thennal elements passbg therethrough. The elamants may be powered, for example, by a battery (not showrt). 
One advantage of thermal elements is thet the patient may be ambtriatory. if desired. Other means that are known by persons of 
ordnary skill in the ert for ensuring that the temperature of the patient's blood remmns at acceptable levels whOe traveling 
extrecorporeatly are also contemplated. 

An altemathre variation of the third embodiment may be used where it Is desired to treat a petlent periodicaHy. but for short 
periods of time each occasion and without the use of special connectors. With this variation, it is contemplated that the second ends of 
the hiflow and outfbw conduits be more pemianemly connected to the associated btood vessels via. for example^ an anastomosis 
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coimartloa wherein 8 portfan of Bach coirf^ 

cap enclosing the extemallwosBil first end (or an inteivenlhg end therafl off the condidt ext^ to the patient When it is desired to 
provide a drctilaionf flow path to suppiemant blood flow, the lennovabla cap on each exposed percmansously-positloned conduit could 
be removed and the pump (or the pump with a length of inflow and/or outflow conduit attached thereto) inserted between the exposed 
percutaneous conihiit& hi this lagard, e patient may experiencd the benefit of the present invention periodically, whhout having to 
reconnect and rediscomieet the condtdts from the blood vessels each time. 

Another emfaadiimm of the present mventton Includes a plurality of InflDw and/or outflow conduits. For exanvlei, vviih 
rafarenca to Rgure 6, a fourth embodiment of the present mvention 210 Includes a pump 232 In fhrid communication with a 
plurality of Inflow conduits 250A. 250B and a plurdity of outflow conduits 252A, 252B. Each pair of conduits converges at a 
generalty Y-shaped convergence 288 that converges the flow at the mflow end and diverges the flow at the outflow end Each 
conduit may he connected to a separate peripheral blood vessel although it is possSila to have two connections to the same blood 
vessel at remote locations, bi one arrangement, ell four conduits era competed to peripheral arteto. Alternatively, ona or more 
of the conduits could be connected to veuis. In the epprication shown in Figure ft Inflow condidt 250A Is connected to left 
femoral ertery 226 while inflow conduit 250B is connected to left femoral vein 278. Outflow conduit 252A is connected to left 
axillary artery 224 while outflow conduit 252B is connected to left carotid artery 222. It should be noted that the connectiore? of 
any or ail of the conduits to the blood vessels may be via an anastomosis connectton or via a speda! connector, as described 
ehove, bi additlorv the embodunent of Figure 6 may be applied to any combination of perqiheral blood vessels that would best suit 
the patient's condition. For example, it may be desired to have one biflow conduit and two outflow conduits or vice versa. It 
should be noted that more than two conduits may be used on the inflow or outflow side, where the number of btflow conduits is 
not necessarily equal to the number of outflow conduits. 

If desired, tfia present hvemive system mey furtiier comprise e reservoir tiiat b eitiier contained witfwi or m fluid 
communication vntii the rnf low conduit This reservoir b preferaUy mede of materials tiiat are nontfiroRibogeiuc. Referring to Figure 9, 
8 reservoir 420 b posithmed fhildly bi fine whh tfie biflow conduit 150. The reservoir 420 serves to sust^ adequate blood in the 
syston when tiie puntp demand exceeds momemerSy the volume of blood ava9able bi the perifdieral idood vessel In wluch tite Inflow 
conduh resides untn the pump output can be edjusted. The reservoir reduces tfw risk of excessive drainage of blood from the peripheral 
blood vessel which may occur when cardiac output falb fartiwr than tite already dinunished baseline level of cardiac output, or when 
tiiere b systemic vasotflatioa as can occur, for example, vwih septb shock. It b contemplated tiiat tiia reservoir would be primed wfth 
en acceptable sotutton, such as sarme, when tin present system b first epplied to tite patient. 

In an alternative embodiment, the presem system comprises a mUtitaen catfister whereby the system may be applied by 
insertion at a single cannulated she whHe the inflow end outflow conduhs still fluidly commuiicate with peripheral vessels. Referring to 
Rgure 8, a multi-lumen catheter 510 could ba inserted, for example, into the left femoral artery 28 and guided suparioriy through tiia 
descending aorta to one of numerous hications. The blood coidd dbcharge, for example, directly bito tfie descending eorta proximate an 
artBial branch, such as tiia left subclavian artery or, as shown in Figure 2 by wsy of example, diractly bito tiie peripheral mesenteric 
ertery 30. f^referably, the multi-lumen catheter 510 has an inflow port 512 tiiat may ba positioned within the left femoral artery 26 
when the catheter 510 b fuBy mserted so that blood drawn from the left femoral ertery b directed tiirough the biflow port 512 into e 
flrst hmtan 514 ki tfie cethater. Thb blood is then pumped through a second hjmen 516 bi the catiiater and out tiirough en outflow port 
520 et the dbtal and of tiia catheter 510. The outflow port 520 may ba situated witiun, for exampla, tiie mesenteric artery 3D sutfi 
that blood flow results from the left femora) artery 26 to tiia mesemeric artery 30. Preferably, where titere b e deare for tite patient to 
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In ambidatoiy, tha imdtMumsn cathster 510 should pmferably be mado of mateiy sufficiemly fUtito and re^ to parmil tha 
patieflt to ba comfortably move about whBa iba cathatar b indwalEng bi tha (tatiant's bbod vassels without causing any vascular 
trauma. 

As explained abova for several embodiments, one of tha advantages of the present heart assist system Is that rt pemdts tha 
patient to be ambulatory, if desired, the system may ba designed poitabty so that It may be carried directly on tha patent. Referring to 
RguiB 9, this may be Bocomplished through tha use of a portable case 610 vrith a bah strap B12 to house tha pianp. power supply 
andibr tha conu oQar. along with certdn portions of tha inftow andfor outflow conduits. If necessary, ft may also ba accompS^d vidlh 
8 shoulder strap or other techniques, such as a badcpack or a famiy pacH, tlat pemtit effectiva portafuHty. As shown hi Hgure 9, bfatod 
is drawn through the inflow condut 150 into a pump contatnad withm the portabta case 610, where h is discharged into the outflow 
conduit 152back into tha patient 

VWhIb tha above description has explained the inventive features of the invention as applied to various embodiments, it 
win be understood that tha variations in tha fomn and detals of tha apparatus or method may ba made by those of ordinary skill in 
the art whhout departbig from the sinrit of the invention. Tha scope of the bivention is indicated by the eppended debns hereby 
however, not by the fomgoing description. 
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WHATI^PUII^IS; 

1 . An extracerdiac pumping system 110} comprising a pump {32). an inflow conduit <50) fluidly coupled to the pmnp 
to direcl blood to the pump, and an mnflow condidt (52| fluidly coupled lo tha pump to direct btood away from the pimip, said 
extracardiac pumping system (10] characterized by said pump being conflgured to pump Uood at an average vdumatric rate of 3J) 
litarsNn. and below for a sustained period of tim to direct bfood between a first and second noniiriniary blood vessel to 
supplement blood circulation throu^ a patient said Inflow conduit being configured to couple to the first blood vessd 
si^cutaneoudy and having an mner diameter of no greater than about mlllimetsrs, and said outflow condidt being conflgurod to 
couple to the second blood vessel subcuianeously and having an inner diameter of no greater than about 25 nttliflnaters. and a 
reservoir (42} fluidiy coupled to the inflow conduit* said lesarvoir being adapted to house a volume of blood from which the pump 
may draw bloodl with the proinso that no oxygenator is present in the systent 

2. An extracardiac pumping system (1 0) comprisnig a pump (321, an inflow condidt (50) fluidly coupted to the pump 
to direct btood to the pun^, and an outflow conduit 152) fluidly coupled to the pump to direct blood eway from the pump, said 
BXtracar(flac pumping system (10) characteriied by said pump being configured to pump blood at an average volumetric rate of 3.0 
litersfmin. and below for a sustained period of time to direct blood between a first and second non-primary blood vessel to 
sivplement blood drculation through a patient* said inflow conduit being configured to couple to the fiist blood vessel 
subcutaneously and having an inner diameter of no greater than about 25 miaimaters. said outflow conduit being configured to 
couple to the second blood vessel subcutaneously and havkig an inner diameter of no greater than about 25 miirnneters, and a 
inUltitaen catheter (510) housing at least two lumens, a first lumen (512) fluidly connected to the inflow conduit and a second 
lumen (516) fluidly connected to the outflow conduit, at least ona lumen also fiuidly commuidcating with a non-primary blood 
vessel with the proviso that no oxygenator is present m the system. 



3. An extracardiac pumping system (10) comprising a pump (32). an inflow conduit (50) fluidly coupled to the pump 
to direct blood to the pump, and an outflow conduit (52) fluidly coupled to the pump to direct blood away from the pump« said 
extracardiac pumping system (10) characterized by said pump being configured to pump btood at an average vohonetric rata of 10 
fiterstoin. and below for a sustebied paiiod of time to direct blood between a first and second non-primary bknd vessel to 
supplement blood circulation through a patient. M inflow conduit bemg configured to couple to the fiist blood vessel 
subcutaneoudy and having an inner diameter of no greater than about 25 mniimeters, said outflow conduit being configured to 
couple to the second blood vessel subcutaneously and having an Inner diameter of no greater than about 25 millimaters, at least 
one of said conduits havbig a port (310) at one end. said port (31) having a wall with at least one hole therein (310). with the 
proviso that no oxygenator is present in tha system. 



4. An extracardiac pumping system (10) comprising a pump (32), an inflow conchiit (50) fluidly coupled to the pump 

to direct blood to the pump, and an outflow conduit (52) fluidly coupled to the pump to direct blood away from tha pump, said 

extrecardiac pumping system (10) chsracterized by said pump being configured to pump blood at an Bveraga volumatric rate of 3.0 

llfers/min. and betow for a sustained period of time to ifirect btood between a first end second non-primary blood vessel to 

supplement blood circulation through a patlenl said inflow conduit being configured to couple to the first Uood vessfil 

subcutanaously and having an mner diemeter of no greater than about 25 millimeters, said outflow conduit babig conf^red to 
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comile to the second blood vessel subctitaneously and having an Inner (fiamster of no greater than about 25 n^Bknaters, and a 
device (402) for mlnimiraig heat loss from blood that flows through the system extracoiporeaDy* with the proviso that no 
oxygenator Is present In the system. 

5. An fixtrscardiac pumping system (10) comprising a pump (32), an innow conduit (50) fiui(8y coupled to the pump 
to direct blood to the pump, and an outflow conduit (52) fluldly coiqiled to the pump to direct blood away from the punqi, s^ 
extracardisc pumping system (1 0) characterized by said pump being configured to pump blood at an average volumetric rate of 3.0 
liteis/mln. and below for a sustained period of time to direct blood between a first and second non-primary blood vessel to 
supplement btood drcutation througti a patient, said inflow conduit being configured to couple to the first blood vessd 
stdicutaneously and having an bmer diameter of no greater than about 25 millimeters, said outflow conduit being configured to 
couple to the second blood vessel subcutaneously and having an bmer diameter of no greater than about 25 mtirnneters, and 
device (610) lor portably carrybigjp portion of the extracardiac system that resides extracorporeally on the patient the device 
(610) configured to carry at least the pump of setd systen^ with the proviso that no oxygenator Is present in the system. 
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